Most of the implants used for total knee arthroplasty (TKA) in Asian patients have been produced based on anthropometry of Western people. Since anatomic features and life styles are different between Western and Eastern people, there would be ethnic differences in terms of conformity of implants to the patient's anatomy or clinical results after TKA. Therefore, surgeons in Asia are particularly interested in related surgical techniques and implant designs used in TKA for improved clinical results and patient satisfaction. In this review, we investigated the anthropometric differences of Koreans from Westerners. Koreans are of shorter stature, less weight, and smaller skeletal structure and have a higher incidence of constitutional varus alignment of the lower extremity. Moreover, compared to Westerner TKA populations, the proportion of female patients was large and primary osteoarthritis was prevalent in preoperative diagnosis in Korean TKA patients. Culturally, Koreans have life styles that demand high flexion positions of the knee such as squatting, kneeling, and cross-legged sitting. Although there were no notable differences in the complication and revision rates following TKA between Westerners and Koreans, the incidence of postoperative deep vein thrombosis and pulmonary thromboembolism was lower in Koreans than Westerners. We hope that further research on implant designs and more interest in TKA will improve outcomes in Korean patients.
Introduction
In total knee arthroplasty (TKA), it has been the norm for orthopedic surgeons in Asia to utilize in their patients the same knee implants and surgical techniques designed for Western populations. Recently, however, there are increasing interests in the development of new implant designs and surgical approaches that can better accommodate Asian patients with lifestyles and anthropometric characteristics different from Western patients for, at least theoretically, more favorable clinical outcomes and higher satisfaction [1] [2] [3] [4] [5] . In this review, we will summarize physical characteristics of Korean patients such as relatively small stature/ bone structure and high prevalence of varus deformity compared to Westerners [4] [5] [6] , and clinical studies concerning knee implants that allow for high flexion activities of squatting and kneeling. Furthermore, we will discuss modes of failure after TKA and revision rates reported in Korean and Western research.
Demographic Differences
Compared to other races, especially Westerners, Korean patients with TKA have two distinctive demographic characteristics: considerably high female proportion and relatively light weight [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
On the other hand, no significant difference was found in body mass index due to the proportionately short stature of Koreans ( Table 1 ). The comparatively high female proportion has led to substantial interest in gender-specific knee implant designs in Korea as supported by various studies 24, 25) . In a met-analysis, Cheng et al. 24) observed no statistically significant difference between the standard unisex prostheses and gender-specific prostheses with regard to range of motion (ROM), clinical knee scores, satisfaction, and pain. In particular, gender-specific prostheses Are Korean Patients Different from Other Ethnic Groups in Total Knee Arthroplasty?
were found to have less overall femoral component coverage. In the knees with unisex prostheses, the femoral component closely matched the resected bone surface in 56%, was overhung in 13%, and undercovered the bone surface in 31%. The female-specific prostheses had a close fit in 25% and undercoverage in 75%. In a more recent study, Kim et al. 25) reported that there was no significant difference between the traditional implant and the genderspecific implant in terms of the postoperative flexion contracture (0 , and Hospital for Special Surgery score (90.8 points vs. 91.0 points); however, the overhang incidence was remarkably low in the knees with a gender-specific prosthesis compared to those with a traditional prosthesis (25.0% vs. 59.6%). In summary, studies have failed to demonstrate significant differences between traditional knee implants and gender-specific implants in female patients who comprise most of the TKA population in Korea. Although it is too early to draw definitive conclusions, these studies may indicate the surgeon's experience or capability is a more important determinant of TKA outcomes. On the indications for surgery, TKA was required in Western patients due to primary degenerative arthritis in 70.2%, rheumatoid arthritis in 14.0%, and others in 12.7%, whereas Korean TKA patients had primary degenerative arthritis in 89.2%, rheumatoid arthritis in 8.0%, and traumatic arthritis in 2.0%, indicating primary degenerative arthritis is more common in Korean TKA patients (Table 1) .
Anatomical Differences
Anthropometric features are important factors that should be taken into consideration in the improvement of implant designs and surgical techniques. Selection of a proper implant that matches the patient's anthropometric features is essential to successful outcome of TKA; gap balance, patellofemoral kinematics, implant fixation, and soft tissue tension are all influenced by implant selection, which is also associated with the risk of complication and implant stability and longevity [26] [27] [28] . Most of the contemporary knee implants available in Korea are optimized for anthropometrical features of Western patients, hence the increased risk of overhang/underhang, unstable implant fixation, physical irritation, and ROM restriction. Therefore, a clear understanding of anthropometric features of the knee joint of Koreans is of utmost importance for the development of knee prostheses and advancement of surgical techniques.
1) Anthropometric features of the femur
Anthropometric features of the femur are crucial factors for the improvement of implant designs and surgical techniques. In a Korean study, Chung et al. 29) described the mean condylar anteroposterior height as 67.2 mm for males and 61.1 mm for females, the mean condylar mediolateral width as 76.1 mm for males and 67.9 mm for females, and the mean trochlear width as 51.0 mm for males and 46.4 mm for females. The mean ratios of the condylar width and trochlear width to the condylar anteroposterior height (aspect ratio: mediolateral/anteroposterior ratio) were reported as 1.13 and 0.76, respectively, in males and 1.11 and 0.76, respectively, in females. Lonner et al. 26) collected femoral anthropometric features from American patients undergoing TKA: the mean condylar anteroposterior height was 70.0 mm in males and 63.3 mm in females; the mean condylar mediolateral width was 77.0 in males and 67.5 in females; the mean trochlear width was 56.3 mm in males and 48.9 mm in females; and the mean condylar aspect ratio was 1.23 in males and 1.20 in females. These studies show that the overall size of the femur and the femoral aspect ratio are smaller in Koreans than in Westerners.
2) Anthropometric features of the proximal tibia Proper tibial component sizing is closely associated with implant stability and survival rate of TKA 30) . Kwak et al. 31) reported that the middle anteroposterior length of the proximal tibia was an average of 48.2 mm for males and 43.2 mm for females, and the mediolateral length of the proximal tibia averaged 76.1 mm for males and 67.6 mm for females in Korean cadaveric knees. Mensch and Amstutz 32) measured mediolateral length of the proximal tibia on American cadaveric knees, which was an average of 89.3 mm for males and 70.1 mm for females. Westrich et al. 30) reported that the mean anteroposterior length of the proximal tibia in American patients was 42.9 mm. According to these studies, Koreans appear to have relatively small anteroposterior and mediolateral lengths of the proximal tibia compared to Westerners.
3) Anthropometric features of the patella The size and thickness of the patella, height/width ratio, and relative position of the median ridge have implications for selection of the patellar component size, patellofemoral contact stress, and patellar tracking 33) . In a Korean study by Kim et al. 34) , the mean thickness at central ridge of the patella was 23.1 mm in males and 21.2 mm in females and the mean mediolateral width was 45.6 mm in males and 41.0 mm in females; and the mean superoinferior height was 36.2 mm in males and 33.1 mm in females. In an American study by Baldwin and House 35) , the mean thickness at central ridge was 23.9 mm in males and 21.8 mm in females; the mean mediolateral width was 49.5 mm in males and 42.7 mm in females; and the mean superoinferior height was 39.4 mm in males and 35.0 mm in females. Chmell et al. 36) documented English and American patient data on the patella: the mean thickness at central ridge was 26.1 mm for males and 22.6 mm for females. These studies show that Koreans have thinner and smaller patellae than Westerners.
Body Feature Differences

1) Constitutional varus alignment of the lower limb
Constitutional varus alignment can be defined as the hip-kneeankle angle of -3 o or less after attainment of skeletal maturity 37) . Bellemans et al. 37) investigated the incidence of constitutional varus knees in Caucasians who were between 20 to 27 years of age and had reached skeletal maturity. In the study, constitutional varus alignment was observed in 24.6% of the total subjects (32% in males and 17.2% in females). The mean hip-knee-ankle angle was measured as - 38) , the incidence of constitutional varus alignment was documented as 35% in Koreans, 34% in Indians, and 24.5% in Caucasians. Therefore, when compared to Westerners, varus knee alignment is relatively prevalent among Koreans. In TKA, restoration of neutral mechanical alignment where the weight-bearing axis passes through the center of the knee has been considered as a key determinant of long-term implant survival 9, 21, 22) . In order to obtain neutral mechanical alignment in patients with constitutional varus knees (≤3 o varus alignment 29) ), a great extent of medial soft tissue release has been considered unavoidable 4, 37) . However, Magnussen et al. 39) described that residual varus deformity after TKA had no adverse effect on the 10-year survival rate and the International Knee Society score at a mean of 4.7 years after TKA in 553 patients. Parratte et al. 40) compared the revision rate at 15 years after TKA between a group with a postoperative limb alignment of 0 o ±3 o and an outlier group, which showed know no significant intergroup difference. Based on the review of these studies, it would be reasonable to assume that the extent of correction can be adjusted during TKA according to the patient's inherent anatomical characteristics in knees with constitutional varus alignment. However, it is practically impossible to estimate the extent of inherent varus alignment at the time of TKA in patients with deformity; therefore, we think that the surgeon's experience will play a key role in such cases.
2) Femoral lateral bowing, varus condylar orientation, and varus tibia plateau inclination Coronal alignment has been considered closely related to the implant function and survival rate after TKA 5, 40) . In Asian TKA candidates, it is not difficult to encounter anatomical variations that can affect the coronal alignment, such as severe lateral bowing of the femur, varus femoral condylar orientation, and varus inclination of the tibial plateau 5, 41) , which often requires additional surgical procedures during TKA. These anatomical variations appear to be common in Korean female TKA patients according to Lasam et al. 5) : lateral bowing of the femur was present in 88% in the TKA group and in 77% in the control group; the mean femoral condylar orientation angle was varus 2. . . Therefore, compared to Western countries, restoration of the ability to perform a greater range of flexion should be taken into consideration in TKA in Korea.
Lifestyle Differences
1) High-flexion TKA
The long-term survivorship of TKA in Korean patients is rela-
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tively superior 3) . However, from the patient's perspective, the success of TKA is determined by the ability to perform and maintain preoperative level of high-flexion activities. Maximum flexion after TKA is dependent on a variety of factors including preoperative ROM, surgical technique, implant design, and postoperative rehabilitation 42) . The recent introduction of high-flexion implants designed to reduce friction and damage while maintaining the contact surfaces and to delay impingement has enabled up to 155 o of knee flexion and high-flexion activities 3, 42) . Still, a consensus has yet to be reached on the efficacy of high-flexion TKA. According to Cho et al. 43) , in spite of satisfactory improvement in the ROM (from 9 o -117 o preoperatively to 2 o -131 o postoperatively), the incidence of early loosening of the femoral component was found to be relatively high between 3 to 6 years after NexGen LPS-Flex (Zimmer Inc., Warsaw, IN, USA) TKA. Han and Kang 2) reported that the survivorship of NexGen LPS-Flex TKA was lower than that of conventional and other high-flexion designs at a mean of 5 years after surgery in a Korean population. In addition, the prevalence of early loosening of the femoral component was relatively high in the knees with the NexGen LPS-Flex design, which they attributed to the engagement in high-flexion activities after surgery because there was no case of early loosening when squatting and kneeling were discouraged. In another NexGen LPS-Flex TKA study 3) , 52% of the patients achieved more than 135 o maximum flexion and the incidence of aseptic loosening was as low as 0.9% at a mean of 4.8 years after TKA. In the study, the 5-year survivor rate was 99.1%, indicating favorable mid-term survivorship of high-flexion TKA. In summary, high-flexion TKA in Korean patients are advantageous for obtaining excellent ROM and knee scores that are comparable to those in Western patients; however, the incidence of component loosening was relatively high and the implant survival rate was low in Korean patients, which may be attributable to hyperflexion activities after surgery that frequently result in early loosening of the femoral component 2, 3, [43] [44] [45] [46] [47] [48] (Table 2 ).
Failures in TKA
TKA is the most efficacious and successful treatment for advanced degenerative arthritis of the knee. Korea has seen a steady increase in the number of TKAs 6) , and thus the incidence of revision TKA is also expected to rise. In general, revision TKA is viewed as a costly and technically challenging procedure that delivers results not comparable to those of primary TKA 1) . Therefore, proper understanding of the mode of failure of primary TKA is crucial to improvement of surgical techniques and equipment and prevention of failure. In the past 5 years, the most common cause of revision TKA in Korean patients was infection followed by loosening and then component wear. More recently, the incidence of loosening appears to outnumber that of infection following TKA (Table 3) , which is suspected to be associated with the growing cases of early loosening after high-flexion TKA, and accordingly with the engagement in high-flexion activities after primary TKA 43) . However, considering that these multicenter studies investigated the overall causes of revision TKA without differentiation of the early and late TKA failures, it is difficult to determine the number one cause of revision TKA between infection and component loosening. In general, infection is considered as the first major reason for early revision TKA both in the East and West 1, [49] [50] [51] whereas the late revisions were resulted from aseptic loosening, instability, and polyethylene wear 52, 53) . In con- trast, polyethylene wear, one of the classic failure mechanisms in TKA, showed marked decrease over time 52, 53) . In Korea, aseptic loosening has surpassed infection in terms of prevalence in patients scheduled for revision TKA 1) . As we mentioned in the above, high-flexion positions after TKA and engagement of seniors in frequent social and leisure activities are thought to be linked with the growing incidence of aseptic loosening 2, 43) . Cho et al. 43) reported that early aseptic loosening of the femoral component did not occur in patients who had been prohibited from engaging in squatting and kneeling after highflexion TKA. Deep vein thrombosis (DVT) and pulmonary embolism (PE) after TKA are not common in Asian patients unlike in their Western counterparts in whom DVT and PE are two major complications after TKA 54, 55) . In a meta-analysis of Asian populations, Kanchanabat et al. 54) reported that the overall incidence of DVT, proximal DVT, symptomatic DVT, and symptomatic PE after TKA was 42.5%, 8.7%, 2.7%, and 0.5%, respectively. Regarding the incidence according to nations, postoperative DVT occurred in 11.8% in Southeast Asian countries, in 11.0% in Japan, in 7.5% in Korea, in 5.6% in China. Lee et al. 55) documented the incidence of overall DVT after TKA as 40.8%, proximal DVT as 5.8%, distal DVT as 26.6%, symptomatic DVT as 1.9%, and symptomatic PE as 0.01%. Even without chemoprophylaxis, symptomatic PE and proximal DVT after TKA are not as common in Asians as in the Western populations 54, 55) . Therefore, considering the significantly low risk of symptomatic DVT and the increased risk of druginduced bleeding, chemoprophylaxis after TKA may need to be prescribed to high-risk patients only unlike in Western countries where chemoprophylaxis is the standard of care after TKA in all patients.
Revision Rate and Survivorship
Based on a review of more than 10-year follow-up studies published since 2000, the revision rate after primary TKA was relatively low in Korean patients than in Western patients: 3.1% vs. 5.6% at 10 years after surgery and 4.2% vs. 6.8% at 15 years after surgery. However, there was no notable difference with regard to survivorship between Korean and Western patients: the 10-year and 15-year survivorships were 94.7% and 86.5%, respectively, among Koreans and 94.8% and 87.5%, respectively, among Westerners (Table 4 ).
Conclusions
Our review of studies shows clinical outcomes of TKA in Korean patients are comparable to those in Western counterparts: there was no remarkable difference between races at least with respect to clinical results. However, most of the contemporary knee prostheses implanted in Korean patients are designed to accommodate Western patients' anatomical characteristics, which may result in component overhang or underhang, eventually compromising implant stability and clinical results. In addition, the introduction of high-flexion knee designs for improved patient satisfaction in Korea where high-flexion positions are frequently unavoidable during daily activities may be associated with component loosening. Considering that Koreans have smaller stature/bone structure and condylar aspect ratio than Westerners and most TKA patients are female, it may be advisable to utilize gender-specific knee designs. With regard to the postoperative complication and revision rates, no significant difference was found between Koreans and Westerners, but DVT and PE were remarkably less common in Koreans. In light of this review, we suggest further research and interest in physical characteristics of Korean TKA patients are necessary.
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